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ABSTRACT 
 The seawater is flowing through ballast pumps, main pipelines, and branch pipes. 
Because of seawater is the most corrosive natural fluid and ballast needs a lot of seawater 
usage, the risk of corrosion is very high. Therefore, the protective for corrosion is needed 
to make the system function efficiently. In the shipping world is highly dependent on the 
steel metal material for the needs of the ship especially for the ballast pipe. This bachelor 
thesis aims to determine the corrosion resistance with specimen carbon steel pipe, carbon 
steel pipe with epoxy coating, and galvanized carbon steel pipe with electrochemical 
method. 
 The result of the corrosion rate shows the difference on each immersion time. 
There are 2 times immersion for each experiment specimen 72 hours and 144 hours. For 
immersion 72 hours of Specimen carbon steel pipe is 0.194746712 mmpy and for 144 
hours is 0.28611955 mmpy.  The immersion of specimen carbon steel pipe with epoxy 
coating for 72 hours is 0.018398877 mmpy and for 144 hours is 0.0190332 mmpy. And 
for the galvanized carbon steel pipe for 72 hours immersion is 0.001825366 mmpy, for 
the 144 hours is 0.001971516 mmpy. 
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ABSTRAK 
 Air laut mengalir melalui pompa balas, pipa utama pada sistem balas, dan pipa 
cabang pada sistem balas. Karena air laut adalah cairan alami yang paling korosif dan 
sistem balas membutuhkan banyak penggunaan air laut, risiko terkena korosi sangat 
tinggi. Oleh karena itu, pelindung korosi diperlukan untuk membuat sistem berfungsi 
secara efisien. Di dunia pelayaran sangat tergantung pada material besi baja untuk 
kebutuhan kapal terutama untuk pipa balas. Penelitian ini bertujuan untuk mengetahui 
ketahanan korosi dengan spesimen pipa baja karbon, pipa baja karbon dengan lapisan 
epoksi, dan pipa baja karbon galvanis dengan metode elektrokimia. 
 Hasil laju korosi menunjukkan perbedaan pada setiap waktu perendaman. Ada 2 
kali perendaman untuk masing-masing spesimen percobaan 72 jam dan 144 jam. Untuk 
perendaman 72 jam pada spesimen pipa baja karbon adalah 0,194746712 mmpy dan 
selama 144 jam adalah 0,28611955 mmpy. Perendaman spesimen pipa baja karbon 
dengan lapisan epoksi selama 72 jam adalah 0,018398877 mmpy dan selama 144 jam 
adalah 0,0190332 mmpy. Dan spesimen pipa baja karbon galvanis selama 72 jam 
perendaman adalah 0,001825366 mmpy, untuk 144 jam adalah 0,001971516 mmpy. 
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Corrosion is material degradation due to electrochemical reaction of metal 
material to its environment (Einar Bardal, 2003). Many experts also explain corrosion is 
decrease in metal quality due to electrochemical reactions with the environment 
(Trethewey, K. R. and J. Chamberlain, 1991). The environment can be water, air, gas, 
acid solution, and others (Andi Rustandi, 2008). 
In the shipping world is highly dependent on the steel metal material for the needs 
of the ship especially for the ballast pipe. The resistance of the steel material to the 
corrosion rate is great concern that seawater is the most corrosive natural fluid, so it is 
expected that the lifetime of the material will last long due to corrosion attack. Therefore, 
the electrochemical reaction due to fluid-fed steel leads to corrosion, especially with the 
use of ships that operate in many marine areas. 
The material that is very often used for ship is steel. Similarly, the use of steel 
materials with galvanized pipe and epoxy pipe. The corrosion rate test is performed by 
electrochemical using 3 electrode cells, which is a corrosion rate test with the polarization 
of its free corrosion potential. The results of the test will be obtained a comparison graph 
of each material and also can be known how long the materials will be replaced. 
1.2. Statement of Problems 
Based on the background above, the author will be discuss about: 
1) How much is the value of the corrosion rate on the test specimen? 
2) What is the comparison between carbon steel pipe, galvanized pipe, and pipe 
with epoxy coating for corrosion protection? 
3) Which pipe is the most effective protection from corrosion considering 
classification of relative corrosion resistance? 
1.3. Research Objectives 
From the research taken will be determined several objectives of corrosion rate 
that occur in the pipeline by electrochemical method. The purpose of this research is: 
1) To know the value of the corrosion rate occurring on the test specimen. 
2) To know the comparison between carbon steel pipe, galvanized pipe, and pipe 
with epoxy coating for corrosion protection. 
3) To know which pipe with the most effective protection from corrosion 






1.4. Research Limitation 
1) The method of calculation is using 3 electrode cells (electrochemical) of 
corrosion rate with Potensiostat Autolab PGSTAT128N and NOVA software. 
2) Corrosion media is aquadest and NaCl with salinity 35%. 
3) Epoxy using International INTERTUF 262 red color (code KHA303). 
1.5. Research Benefits 
1) For Industries: 
Could be considered of pipe that used by ship through by seawater. 
2) For Research: 
Helping students to complete the thesis as a reference and increase the knowledge 







2.1. Ballast Pipe 
System ballast is a system to make position the ship in balanced or suitable 
position. In general, this system is filling the ballast tank, which is in the double bottom 
taken from the sea chest with seawater. The seawater is flowing through ballast pumps, 
main pipelines, and branch pipes. Because of seawater is the most corrosive natural fluid 
and ballast needs a lot of seawater usage, the risk of corrosion is very high. Therefore, 
the protective for corrosion is needed to make the system function efficiently. 
2.2. Pipe 
 Pipes are silent ‘workers’, conveying fluids or allowing air to enter or to leave a 
space and are the means through which many control systems operate. Pipe is a hollow 
cylindrical bar that can be used for passing or passing liquids, vapors, gases or powdery 
substances that can be powdered/powder type. For the manufacture of steel pipe can be 
made with several methods such as seamless pipe, butt welded pipe, and spiral-welded 
pipe. Pipe making is designed to the needs and the pipe can handle the limit of pressure 
strength, pipe wall thickness, the temperature of the flowing substance, the type of 
material related to the corrosion and strength of the pipe.  
2.2.1. Carbon Steel Pipe 
 The main elements of carbon steel are Fe (Ferrum) or iron. In addition, there are 
also other elements that affect the nature, namely C (Carbon) or carbon. The percentage 
of carbon in carbon steel material becomes a determinant of the degree of hardness of 
this material. The higher the amount of carbon, the boiling point for the melting is lower, 
and vice versa. 




 Carbon steels consist of iron, less than 1.7% carbon, manganese less than 1.65%, 
silicon (Si), aluminum (Al), and contaminant boundaries such as sulfur (S), oxygen (O), 
nitrogen (N), and no minimum limit is specified for elements such as Al, Cr, Co, Ni, Mo, 
Ni [ASM, ASTM A 941]. There are also types of carbon steel pipe: 
1) LCS (Low Carbon Steel): 
 LCS carbon steels have carbon content below 0.25 percent. Its properties are 
tough and tough and harder than other carbon steel groups. LCS is often used for car 
bodies, bridges, pipes, and ships. The yield strength of the LCS carbon steel is 275 Mpa 
(40,000 Psi). Meanwhile, its tensile strength is 415 and 550 Mpa. 
2) MCS (Medium Carbon Steel): 
 Type MCS carbon steel has a carbon content of 0.25 percent to 0.6 percent. This 
type of carbon steel can be hardened rapidly by heating. Typically, MCS type carbon 
steels are used for railroads. Its nature is wear-resistant, very hard, and not tenacious. 
3) HCS (High Carbon Steel): 
 HCS type carbon steels have carbon content of between 0.6 percent and 1.4 
percent. This type can be hardened by tempering. Its very hard, brittle, and not tenacious. 
Typically, HCS carbon steel is used for cutting tools, tool steel, and so on. 
2.2.2. Carbon Steel Chemical Grades 
 Carbon steel is an alloy consisting of iron and carbon. Several other elements are 
allowed in carbon steel, with low maximum percentages. These elements are manganese, 
with 1,65% maximum, silicon, with a 0,60% maximum, and copper, with a 0,60% 
maximum. Other elements may be present in quantities too small to affect its properties. 
There are four types of carbon steel based on the amount of carbon present in the alloy. 
Lower carbon steels are softer and more easily formed, and steels with a higher carbon 
content are harder and stronger, but less ductile, and they become more difficult to weld. 
Below are the properties of the grades of carbon steel we supply: 
• Low Carbon Steel: Composition of 0,05%-0,25% carbon and up to 0,4% 
manganese. Also known as mild steel, it is a low-cost material that is easy to 
shape. While not as hard as higher-carbon steels, carburizing can increase its 
surface hardness. 
• Medium Carbon Steel: Composition of 0,29%-0,54% carbon, with 0,60%-1,65% 
manganese. Medium carbon steel is ductile and strong, with long wearing 
properties. 
• High Carbon Steel: Composition of 0,55%-0,95% carbon, with 0,30%-0,90% 
manganese. It is very strong and holds shape memory well, making it ideal for 





• Very High Carbon Steel: Composition of 0,96%-2,1% carbon. Its high carbon 
content makes it an extremely strong material. Due to its brittleness, this grade 
requires special handling. 
2.2.3. Carbon Steel Chemical Composition 
1) Carbon (C): 
 Carbon is added to iron to make steel. In its pure form iron is quite soft and 
adding up to 2% carbon gives it toughness and strength. Structural steels plates typically 
contain about 0,15 to 0,3% Carbon. As the amount of carbon increases in the steel the 
strength increases but the ductility decreases. So, iron with a lot of carbon added to it 
becomes very brittle and is unable to respond elastically to dynamic loading. 
2) Silicon (SI): 
 Silicon is added to carbon steels to help deoxidise. That is the silicon helps to 
remove bubbles of oxygen from the molten steel. It is also useful in increasing strength 
and hardness but is less effective than Manganese in doing so. Negatively for many uses 
it also increases grain size so there is usually an upper limit on it. 
3) Manganese (MN): 
 Manganese is probably the second most important alloying element after carbon 
on steel. Like Carbon has a large impact on strength, ductility and hardenability. 
Manganese helps to reduce oxides and also counteract the presence of Iron Sulphide.  
Steelmakers however had to be careful that the level of Carbon and Manganese doesn’t 
get too high or the steel becomes too brittle and decreases weldability. 
4) Sulphur (S): 
 Sulphur is another residual element in structural and pressure vessel steels. 
Sulphur decreases notch impact toughness, reduces weldability and decreases ductility. 
It generally appears as sulphide inclusions in the steel which decreases its strength. 
5) Phosphorous (P): 
 Phosphorous is normally considered to be an unwanted residual element. This is 
because most applications require very low or low phosphorus requirements. Phosphorus 
increases steel embrittlement, which reduces the toughness and ductility of the metal. In 
uses this generally appears as cracks and fractures. High phosphorus in steel is a 







6) Chromium (CR): 
 Chromium as an alloying element in steel helps to increase its corrosion and 
oxidation resistant properties. When the % of chromium in the steel exceeds 1.1% a 
surface layer is formed that helps protect the steel against oxidation. 
7) Nickel (NI): 
 Nickel is used to improve the steels corrosion resistance properties. It is a key 
component in stainless steels but at the low concentrations found in carbon steels it helps 
to increase impact strength and hardenability. 
8) Nitrogen (N): 
 Nitrogen is a residual element for hot rolled steel plates. Generally high levels of 
nitrogen will give the plate inconsistent mechanical properties and make welding more 
difficult by increasing embrittlement in the heat affected zone (HAZ). 
9) Copper (CU): 
 In structural steels copper is primarily used as an alloying element as it will 
improve atmospheric corrosion resistance and help paint bond the steel. It also has a small 
impact on hardenability. 
10) Niobium (NB): 
 Niobium is a key grain refining element in steel production. That is because it 
makes the grain size smaller it simultaneously improves strength, toughness and ductility. 
11) Vanadium (V): 
 Vanadium when added in the steelmaking process helps to remove oxides and 
thus increases the yield strength and tensile strength of steel plates. 
12) Titanium (TI): 
 Titanium in steel helps to keep grain size small and also helps manage inclusions 
by making them rounder. 
13) Molybdenum (MO): 
 Molybdenum is used to increase the strength of boiler and pressure vessel steels 
at typical boiler operating temperatures of 400°C. Typically it is used in conjunction with 
Chromium to provide strength and corrosion resistance at high temperature as well as 







14) Boron (B): 
 Boron is added to fully killed fine grained steel to increase hardenability. This 
gives a benefit to the yield strength and toughness if the steel is fully hardened before 
tempering. 
15) Zirconium (ZR): 
 Zirconium is added to steel to modify the shape of inclusions. It helps them to 
become rounder (as opposed to elongated). The result is that toughness and ductility are 
improved when the plate is fabricated into a shell. 
2.2.4. Galvanized Carbon Steel Pipe 
 The selection of pipe is often based on the needs and objectives of the 
installation. Different types and brands are available on the market depending on the 
function, location, and material. One type of pipe that is popularly used for industry is 
galvanized pipe. Unlike PVC pipe, galvanized pipe has more advantages and is 
considered more durable. 
 Galvanized steel pipe is a kind of pipe made of iron and covered by a protective 
material made of zinc. The coating is intended to protect the steel from corrosion so that 
its use is more durable. In the manufacture of galvanized pipe, low carbon steel needs 
with galvanized coating containing various types of elements in it. In addition to 
preventing corrosion, the zinc coating on the outside of the pipe can also prolong the life 
of the tube inside. Since the main element of galvanized pipe is zinc, this type of pipe is 
recommended for cold-water installation only. 
 Currently, one of the most popular types of galvanized pipe is the standard and 
Schedule type. The difference between the two lies in the thickness of the pipe 
construction; type Schedule 40 level higher thickness and often used for pipe vessels, 
which repulse also high. 
 The specimen will be galvanized by hot dip method. Hot dip method is a coating 
process where the coating metal is heated first to melt, then the metal to be coated which 
is usually called the base metal is immersed in a galvanized bath which already contains 
the liquid zinc, so that in a while the metal will be coated by a layer of alloy layer between 
the metal (zinc) coatings with base metals in the form of chemical bonds that are strong 
and arranged in layers called phases. Hot dip galvanizing coatings are often referred to 
as metal coating processes with other more anodic metals in accordance with galvanic 
series. 
 The first step is pre-treatment, this step serves to remove acid or base which is 
impurities attached to the specimen, this is intended to obtain a clean surface conditions 




1) Physical cleaning process (mechanical): 
Physical cleansing can be smoothing the surface by using a grinding machine 
(sandpaper), which includes smoothing uneven surfaces and removing scratches on the 
surface of the specimen. 
2) Chemical cleaning process: 
The chemical cleaning process is the process of cleaning the impurities attached 
to the surface of the specimen by using chemicals. This cleaning process includes: 
a. Degreasing 
The process of degreasing is a process that aims to remove dirt, grease, fat, paint 
and other solid impurities attached to the surface of the specimen. The cleaning process 
is carried out by using a NaOH solution (caustic soda) at concentrations of 5% - 10% at 
70oC - 90oC for about 10 minutes. 
b. Rinsing 1 
The process of first rinsing aims to clean caustic soda on degreasing processes 
that are still attached to the surface of the inner specimen by using clean water at room 
temperature. 
c. Pickling 
The pickling process aims to remove rust attached to the surface of the specimen 
by immersion in a solution of HCL (hydrochloric acid) or a solution of H2SO4 (sulfuric 
acid) at a concentration of 10%-15% for 15-20 minutes. 
d. Rinsing II 
The second rinsing process aims to clean the HCl or H2SO4 solution attached to 
the specimen during the pickling process using clean water at room temperature. 
e. Fluxing 
The fluxing process is an initial coating process using Zinc Ammonium Chloride 
(ZAC) with concentration 20% - 30% for 5 - 8 minutes. The fluxing process is done with 
the aim of: 
• As a base layer for strengthening the zinc layer during the coating process. 
• As the reaction catalyst of Fe-Zn plating. 
• To avoid the oxidation process before the galvanizing process is performed. 
The fluxing process takes place at a temperature of 60oC-80oC, it is intended 





of deformation plastic that can disrupt the process of attaching zinc to the workpiece 
when galvanizing process takes place. 
f. Drying 
Drying process is a process of drying and preheating by using hot gas 
temperature of approximately 150oC, the goal is to remove the liquid that may be on the 
surface of the specimen that can cause a steam explosion during the galvanizing process 
takes place. 
3) Stages of dipping (galvanizing): 
Specimens that have pass the preparation stage (pre-treatment) and has been 
clean of all impurities then the next step is done by the process of dipping (galvanizing). 
During the galvanizing process takes place, the zinc liquid will coat the steel by forming 
a layer of zinc steel and then formed a layer that is entirely a zinc element on the outer 
surface of steel, the solution used is at least 98% pure element of zinc. The immersion 
stage is carried out for approximately 1.5 minutes at a temperature of 440oC-460oC. The 
thickness of the zinc coating on coating by hot dip galvanizing method is influenced by 
surface conditions, duration of immersion, and dipping temperature. 
4) Cooling and Final Stages: 
a. Cooling phase (quenching): 
The cooling stage is performed by dipping the specimen into a sodium cromate 
solution with a concentration of 0,015% at room temperature or by using water. This 
process aims to prevent the occurrence of white rust. 
b. The final stage (finishing): 
The final part of the coating process is to refine a pointy surface caused by the 
liquid of the dew that wants to drip but has dried first. 
2.2.5. Steel Carbon Pipe with Coating 
 The function of coating is to obtain protection from the corrosion. There are two 
types of coating, liquid coating (painting) and concrete coating. The function of liquid 
coating beside used as a decorative, the liquid coating also protected the substance from 
the corrosion. The advantage of using the liquid coating or painting is easy to use, save 
more money from the economical, and reliable. 
 Two parts epoxy coatings are developed for heavy service on metal substrates 
and use less energy than heat-cured coating powder. The system uses 4:1 by mixing 
volume ratio, and fast dry provides a tough, UV resistant, excellent hardness shielding 
layer. Fusion Bonded Epoxy (FBE) Powder Coating is widely used for corrosion 




automotive and marine paints especially on metal surfaces where corrosion (rusted) 
resistance is important. 
 This type of coating can protect the steel from corrosion for long periods of time, 
and has protective coating characteristics against seawater, it is suitable to be applied on 
ship pipe that is passed by seawater and the grade is A972–A972/A972M-99 
(Specification for Fusion Bonded Epoxy-Coated Pipe). The epoxy standard is found in 
the type of paint called primary alkyd, primary metal, primary epoxy, and shop. Basically, 
this coating can prevent corrosion, it is suitable to apply on pipeline, tank storage and 
steel structure on the seafront, offshore, and onshore. In the application of this type of 
coating is not suitable for basic or early painting after blasting. The recommended SSPC 
is Sa 2.5a and thinner ratio of 10% - 20%, depending on the type of method and 
application in the field. In terms of price, this type is classified as a standard paint. There 
also component in paint: 
1) Binder 
 Binder is the main ingredient of paints. Binders are polymers forming a 
continuous film on the substrate surface. 
Binders are responsible for good adhesion of the coating to the substrate. The binder 
holds the pigment particles distributed throughout the coating. The binder is dispersed in 
a carrier (water or organic solvent either in molecular form or as colloidal dispersions. 
2) Solvent 
 Solvent (water or organic solvent) is a medium where the binder, pigment and 
additives are dispersed in molecular form or as colloidal dispersions. 
3) Pigment 
 Pigment is a solid substance dispersed throughout the coating to impart it a color, 
opacity (hide the substrate surface). 
4) Additives 
 Additives are small amounts of substances modifying the paint properties. 
2.3. Epoxy 
 Applications for epoxy materials are broad-based and include coatings, 
adhesives and composite materials such as steel carbon. Chemical epoxy allows polymer 
curing to be produced with a very wide range of properties. The needs of coating are 
several layers for desire thickness. In this thesis author will be choosing for the maximum 
thickness for the corrosion protection. Coating with epoxy must be using the painting 






2.3.1. Pipe Cleaning and Preparation 
This step serves entire plumbing system drained and dried using dehumidified 
compressed air. A safe abrading agent is then blown through the pipe system, removing 
rust, scales and corrosion that have built up over time, while at the same time lightly 
etching the pipe to prepare for the epoxy coating process. Air is applied once again to 
remove any remaining garnet. 
2.3.2. Epoxy Coating 
Optimal internal pipe surface temperature is created prior to epoxy coating. 
Another air pressure leak test is performed. Conditioned air is then introduced into the 
pipe to evenly distribute the epoxy coating throughout the piping system. Following the 
coating application, conditioned, and controlled airflows through the pipes to facilitate 
epoxy curing. 
Specification of National Intertuf 262; 
Figure 2. 2 Pipe Cleaning and Preparation for Epoxy 
Coating (Flow, n.d.) 
Figure 2. 3 Epoxy Coating on Pipe (Flow, n.d.) 




Colour   : KHA330 – Red 
Finish   : Matt 
Part B (Curing Agent) : KHA 062 
Volume Solids  : 73% (ISO 3233:1998) 
Mix Ratio  : 4.00 volume Part A to 1 volume Part B 
Typical Film Thickness : 125 microns dry 
Method of Application : Air spray, Brush, Roller 
Induction Period : Non required 
2.4. Corrosion 
 It is a form of corrosion where corrosion occurs when there is a gap due to merge 
or unification of two equal metals having different oxygen levels with the outer area. This 
type of corrosion is usually caused by small holes, and cracks beneath the heads of bolts 
and rivets. 
 Corrosion can occur in dry medium with the electrolyte of the soil and also the 
wet medium with the water electrolyte. For example, corrosion occurring in dry medium 
is iron metal invasion by oxygen gas (O2) or by sulfur dioxide gas (SO2). In the wet 
medium, corrosion can occur uniformly or locally. Thereby, if in the effort of corrosion 
prevention done through the use of corrosion inhibitor (Muhammad Abduh, 2011). 
2.5. Types of Corrosion 
 There are several types of corrosion due to its chemical reaction. 
2.5.1. Uniform Corrosion 
 This is usually characterized by chemical or electrochemical reactions occurring 
on the reacting surface. The metal become thin and eventually there is a failure on the 
metal. Evenly corrosion is a very big deterioration of the material. However, this 
corrosion is bad observed because the age of the equipment can be accurately estimated 
with other simpler tests as shown in Figure 2.5. 







2.5.2. Galvanic Corrosion 
 Potential differences usually occur between two different metals, when both are 
dipped into a corrosive solution. When the metal is in contact, the potential difference 
will result in the flow of electrons. Electrons flow from less noble (anodic) metals to more 
noble (cathodic) metals. As a result, less noble metal turns into positive ions because of 
the loss of electrons. The metal-positive ions react with negative ions in the electrolyte 
to a metal salt. Because of these events the anode surface loses metal. 
 Corrosion will attack metals with less corrosion resistance and less corrosion-
resistant metal attacks. The corrosive metal will become the anode and the metal that is 
more resistant to corrosion attacks will be the cathode. Usually cathodic metals will be 
attacked slightly even without corrosion when the two metals are connected. This type of 
corrosion is called galvanic corrosion. An example of galvanic corrosion can be seen in 
the case of the battery stone in Figure 2.6. the carbon electrode as a precious metal or that 
is resistant to corrosion of the cathode and zinc as an anode with rust. 
2.5.3. Crevice Corrosion 
It is a form of corrosion where corrosion occurs when there is a gap due to 
merging or unification of two equal metals having different oxygen levels with the outer 
area. This type of corrosion is usually caused by small holes, and cracks beneath the 
heads of bolts and rivets as shown in Figure 2.7. 
Figure 2. 6 Galvanic Corrosion (Services, n.d.) 





2.5.4. Pitting Corrosion 
 Corrosion of wells is a very local form of corrosion attack (attacking on a 
particular area only) resulting in a hole in the metal. This hole may have a small or large 
diameter, but in many cases the hole is relatively small. The hole is isolated or sometimes 
looks like a rough surface. Pits can generally be described as cavities or holes with a 
surface diameter of approximately equal or less than the depth. 
 Corrosion of wells is one of the most damaging and dangerous forms of 
corrosion. It causes the equipment to fail because with a slight decrease in mass due to a 
hole, failure can occur easily. Often it is difficult to detect pits because of their small size 
and the holes are covered by corrosion as shown in Figure 2.8. 
2.5.5. Erosion Corrosion 
Corrosion erosion is the acceleration of the degree of damage or attack on the 
metal due to the relative movement between corrosive liquids and metal surfaces. 
Generally, this movement is quite fast, and related to abrasion. The metals that are on the 
surface will turn into dissolved ions or become solid forms of corrosion products. 
Sometimes the influence of the environment can reduce the rate of corrosion, especially 
when local attacks occur in stagnant conditions, but this cannot be called erosion 
corrosion because the damage is not increased. 
Physical form of erosion corrosion is characterized in appearance of grooves, 
trenches, waves, round holes, valleys, and usually indicates the direction pattern. Figure 
2.9. shows the flow performance of erosion corrosion failure. 






2.5.6. Stress Corrosion 
 Mechanical forces such as tug or compression have very little effect on the 
metallization process on the same metallic part in terms of the milsace rate in mils per 
year. However, if it is a combination of tensile stress and a corrosive environment, then 
this condition is one of the main causes of material failure. This failure is a crack 
commonly called voltage corrosion. 
 This type of rust attack occurs very quickly, in minute size, for example if all the 
requirements for the occurrence of this strain (stress) strain have been met at a given 
moment of internal strain and the creation of corrosive conditions associated with 
corrosion and environmental temperature. Examples of stress corrosion on the pipe can 
be seen in Figure 2.10. 
2.6. Corrosion Mechanism 
 The corrosion mechanism cannot be separated from the electrochemical reaction. 
Electrochemical reactions involve the displacement of electrons. Electron displacement 
is the result of a redox reaction (oxidation-reduction). The mechanism of corrosion 
through electrochemical reactions involves an anodic reaction. Anodic reactions 
(oxidation) are indicated by increased valence or electron product. The anodic reaction 
occurring in the metal corrosion process is: 
 
Figure 2. 9 Corrosion Erosion on Seawater 
Pipe (Bloging, n.d.) 





M → Mn+ + ne 
 In corrosion of metal M is the process of oxidation of the metal into one ion (n+) 
in the electron n release. The price of n depends on the nature of the metal as an example 
of iron: 
Fe → Fe2+ + 2e 
 The cathodic reaction also takes place in the corrosion process. The cathodic 
reaction indicated by decreasing the valence value or consumption of electrons resulting 
from the anodic reaction. The cathodic reaction in which oxygen from the air dissolves 
in an open solution. According to Haryono (2010) the corrosion mechanism that occurs 
in iron (Fe) is written as follows: 
Fe(s) + H2O(l) + ½ O2(g) → Fe(OH)2(s) 
 Fero hydroxide [Fe (OH) 2] is a temporary result which can be oxidized naturally 
by water and air to ferric hydroxide [Fe (OH) 3], so that the next reaction mechanism is: 
4 Fe(OH)2(s) + O2(g) + 2H2O(l) → 4Fe(OH)3(s) 
 The hydroxide ferries that are formed will turn into a brownish-browned Fe2O3 
which we usually call rust. According to Vogel (1979) Reactions are: 
2Fe(OH)3 → Fe2O3+ 3H2O 
 In general, the corrosion mechanism occurring in a solution starts from the 
oxidized metal in the solution and releases the electrons to form positively charged metal 
ions. The solution will act as a cathode with a common reaction is the release of H2 and 
reduction of O2, due to reduced H + and H2O ions. This reaction occurs on the surface 
of the metal which will cause exfoliation due to dissolving the metal into the solution 
repeatedly. Figure 2.8. shows the corrosion mechanism on the metal surface. 






2.7. Corrosion Rate 
 Corrosion is an electrochemical reaction, all of which affect the speed of a 
chemical reaction or the amount of current flowing will affect the rate of corrosion. Ohm's 
law can be applied to the electrical part of corrosion cells. The corrosion rate is directly 
proportional to the amount of current flowing in the electrochemical corrosion cells. If 
the current can be measured, a precise calculation of metal loss can be determined. This 
means that a measurement in amperes or milliamperes is calculated in weight loss per 
year. An Amp year is an Ampere that flows over a period of one year. Different metals 
have different corrosion rates. Conversion rate of corrosion of other unity: 
1 mpy = 1000 ipy 
1 mpy = 0.0254 mm/year 
1 mpy = 25.4 μm/year 
1 mpy = 12,100 in/month 
1 mpy = 2.90 nm/hour 




2.7.1. Electrochemical Method 
 The electrochemical method is a method of measuring the corrosion rate by 
measuring the potential difference of the object to obtain the corrosion rate occurred, this 
method measures the corrosion rate at the time of measurement only which estimates the 
rate for a long time (estimating that although the results that occur between one time and 
another are different). The advantage of this method is we can directly know the rate of 
corrosion at the time of measuring, until the measurement time does not take a long time. 
The disadvantage of this method is that it cannot accurately describe the corrosion rate 
because it can only measure the corrosion rate only at certain times, until the usage life 
or the conditions to be tested.  
 This electrochemical method using the formula based on Faraday's Law is using 
the following formula: 







Approximate Metric Equivalent 
mpy mm/year μm/year nm/year pm/sec 
Outstanding < 1 < 0,02 < 25 < 2 < 1 





0,1-0,5 100-500  10-50  5-20 








Unacceptable 200+ 5+ 5000+ 500+ 200+ 







CR  = Corrosion rate 
K = Constant factor, mpy = 0,129 ; μm/yr = 3,27 ; mm/yr = 0,00327 
a = Atomic weight of metal 
i = Current density (μA/cm2) 
n = Number of electron lost 
D = Density (g/cm3) 
2.7.2. Three-Electrode Cells 
 The three-electrode cell is a standard laboratory device for quantitative research 
on the corrosion properties of materials that constitute the perfection of wet corrosion 
cells (Tretheway, 1991), the three-electrode cells include: 
2.8. ASTM (American Society for Testing and Material) 
 ASTM International is an international standards organization that develops and 
publishes voluntary consensus technical standards for a wide range of materials, 
products, systems, and services. Some 12.575 ASTM voluntary consensus standards 
operate globally. Founded in 1898 as the American Section of the International 
Association for Testing Materials. 
 ASTM G102-89 is a standard practice for calculation of corrosion rates and 
related information from electrochemical. It is intended to provide guidance in converting 
the results of electrochemical measurements to rates of uniform corrosion. Calculation 
methods for converting corrosion current density values to either mass loss rates or 
average penetration rates are given for most engineering alloys. In addition, some 





guidelines for converting polarization resistance values to corrosion rates are provided. 
And there are many standard ASTM used, for the preparation until the finishing specimen 
using the ASTM G1-90, for the soaking the specimen into a corrosive solution using the 
ASTM G31-72. 
2.8.1. ASTM G1-90 (Standard Practice for Preparing, Cleaning, and Evaluation 
Corrosion Test Specimens): 
 This practice covers suggested procedures for preparing bare, solid metal 
specimens for tests, for removing corrosion products after the test has been completed, 
and for evaluating the corrosion damage that has occurred. Emphasis is placed on 
procedures related to the evaluation of corrosion by mass loss and pitting measurements. 
2.8.2. ASTM G31-72 (Standard Practice for Laboratory Immersion Corrosion Testing 
of Materials): 
 This practice describes accepted procedures for and factors that influence 
laboratory immersion corrosion tests, particularly mass loss tests. These factors include 
specimen preparation, apparatus, test conditions, methods of cleaning specimens, 
evaluation of results, and calculation and reporting of corrosion rates. This practice also 
emphasizes the importance of recording all pertinent data and provides a checklist for 
reporting test data. 
2.9. Standard DNV GL 
2.9.1. DNV GL 20 Corrosion Protection of Ships: 2000 





This is a standard of DNV GL 20 about Corrosion Protection of Ships. This standard 
shows that protection using epoxy is allowed, the target lifetime of the operation for 5 
years. The experiment will be applied as the standard for target of 5 years, which is the 
thickness is 200 μ and there is 1 layer for the coating. 
2.9.2. DNV GL Part 4 Chapter 6: 2011 
The specimen of the experiment used steel carbon pipe Schedule 40 with diameter of 2 
inch or equivalent with 50.8 mm. The standard shows the minimum wall thickness for 
steel pipe for diameter 48.3 – 51 mm is 3.6 mm. 
  













 The method of research conducted in this case is the experimental method of 3 
types of pipes (carbon steel pipe, carbon steel pipe with epoxy coating, and galvanized 
carbon steel pipe). For testing the corrosion rate on the pipe will be provided with 
aquadest and NaCl contain with salinity 35%. Variations of pipe immersion every 72 
hours will be observed the corrosion rate that occurs, and the maximum immersion time 
is 144 hours or equivalent to 6 days. After the result of corrosion rate at each variation of 





3.2. Methodology Flowchart 
  







Figure 3. 2 Apparatus Preparation Flowchart 
Figure 3. 4  Making Pipe 
with Galvanize Coating 
Figure 3. 3 Making Pipe 











3.3. Bachelor Thesis Methodology 
 The methodology used in conducting the bachelor thesis process will be 
explained as following. 
3.3.1. Problem Identification 
 This step of methodology is the first thing for the author must know, which is 
why the problem exist and the author must look for the problems. The purpose of this 
activity is to simplify the problems so that the author can conduct the bachelor thesis in 
accordance with the author want to do. 
Figure 3. 7 Test Specimen Flowchart 





3.3.2. Literatures Study 
 Literature study means the sources that the author taken from, or it is commonly 
said references. In compiling this bachelor thesis, the author needs some references or 
literatures. These are the literatures are obtained from: 
• Corrosion. 
• Corrosion rate. 
• Electrochemical. 
3.3.3. Apparatus Preparation 
 On this step there are some things that need for provision before doing the 
experiment. There are some tools and materials needed, there are: 
• Potensiostat Autolab PGSTAT128N. 
• NOVA software for corrosion rate measurement. 
• Grinder. 
• Sandpaper 1000 grade. 
• Carbon steel pipe Schedule 40. 
• Pipe with epoxy coating. 
• Galvanized carbon steel pipe. 
• Soaking container. 
• Solution with 35% solution. 
 This step also needed for calibration and validation to make sure the data will be 
obtained as desired for the result. Calibration performed on the corrosion rate 
measurement. For calibration and validation step, the author will be decided if the system 
designed appropriate or not. If the system designed appropriate, the next step is 
continuing to the making apparatus. But if the system is not appropriate, the step will be 
back to the apparatus preparation until the system desired appropriate.  
3.3.4. Making Apparatus 
 In this step the provision of all equipment to the implementation of corrosion rate 
on the specimens provided. Required tools and materials are potensiostat autolab 
PGSTAT128N and NOVA software corrosion rate measurement instrument, grinding 
wheel, sand paper, carbon steel pipe, pipe with epoxy coating, galvanized carbon steel 
pipe, immersion container, solution with salinity 35%. 
3.3.5. Experiment and Data Collection 
 This step is the immersion of the specimens on the soaking container with the 





hours. After that, the specimens will be calculated on the potensiostat autolab 
PGSTAT128N and get the data from NOVA software. 
3.3.6. Corrosion Rate Calculation 
 Every 72 hours, the specimens will be recorded and calculated to know the 
corrosion rate, this step will be continued until reach 144 hours. The device used for 
calculation is potensiostat autolab PGSTAT128N, which is connected to the NOVA 
software. 
3.3.7. Data Process and Analyzing 
 After 144 hours immersion done, this step will be analyzed for the corrosion rate 
for each specimen. The data obtained will be compared by graph, relationship of 
corrosion rate values that occur with salinity, and time of immersion. 
3.3.8. Conclusion and Recommendation 
 After all the step done, the final step is get the conclusions of analysis and 
experiment. A great hope of the conclusion is answer for the problem that became the 
purpose of this thesis. Therefore, there are also needed suggestions based on the results 











ANALYSIS AND DISCUSSION 
4.1. Carbon Steel Chemical Composition Specimen 
 On this thesis, the raw material will be made into several specimens. Each 
specimen will be treated to be carbon steel, galvanized, and coating with epoxy: 
• Steel Carbon Composition and Characteristic (PT. Benteng Anugerah Sejahtera): 
1) Material : Steel Carbon. 
2) Diameter : 2 inch. 
3) Length  : 6 meter. 
• Specimen: 
1) Length  : 10 mm. 
2) Width  : 10 mm. 
3) Thickness : 4 mm. 
4) Sandpaper : Abrasive sandpaper 1000 grade wet dry proof. 
5) Aquadest :  PH 5,5-7,0 (SNI). 
6) NaCl  : Density 2,16 g/cm3, melting point: 801 oC, boiling point: 1465 
oC, solubility in water: 25 oC. 
7) Epoxy  : International INTERTUF 262 (KHA303). 
 
4.2. Making Apparatus 
 Before doing corrosion rate analysis experiment, there are several things need to 
prepare. There are carbon steel pipe, galvanic solution, epoxy, potensiostat autolab 
PGSTAT128N, sandpaper, grinding machine, soaking container, and solution with 
different salinity. 
4.2.1. Carbon Steel Pipe Specimen 
 At the beginning the pipe length is 6 meter with diameter 2 inch schedule 40. On 
this experiment grinding machine is needed to cut the carbon steel into 3 pieces with 
dimension: 
Length  : 10 mm 
Width  : 10 mm 
Thickness : 4 mm 
Table 4. 1 Carbon Steel Pipe Chemical Composition Specimen 
C Si Mn S P Cr Ni Cu 




For the experiment using the potensiostat autolab PGSTAT128N and get the data 
Figure 4. 1 Rough Specimen 
Before Cut 
Figure 4. 3 Specimen Dimension 





from NOVA software, the specimen will be cut again for the measurement of the tools. 
4.2.2. Polishing Specimen 
 After the carbon steel pipe cut with the desire dimension, sandpaper needed to 
polish the surface of the carbon steel pipe with abrasive sandpaper 1000 grade wet dry 
proof. 
  
Figure 4. 4 Sandpaper 1000 Grade 




4.2.3. Soaking the Specimen 
 There are several things to prepare during this step: 
4.2.3.1 Tools and Materials 
1) Soaking Specimen and Solution 
 This tool serves as a predefined salinity container as the standard of ASTM G31-
72. 
2) Aquadest 
 For making the, aquadest serves as a NaCl solvent. 
3) NaCl  
 NaCl with amount 35 gram serves as diluted for salinity making of 1 liter 
aquadest. 
Figure 4. 6 Polishing Specimen Using Grinder 






The international INTERTUF 262 with red color with code KHA303 epoxy used 
to coat the carbon steel pipe with 250 μ. 
5)  Salinity 35% 
 For making this salinity, NaCl needed to dissolved into the aquadest. The ratio 
of the NaCl is 35 gram and 1 liter of aquadest make the salinity into 35%. To know the 
salinity is using the salt meter. 
6) Soak the Specimen 
 After the desired specimen cut, the next step is soak the specimen into the 
container which has been filled by the salinity solution of 35%. The container is filled by 
3 specimens. The immersion time is 144 hours (6 days) and every 72 hours (3 days) will 
be checked to the potensiostat autolab PGSTAT128N and NOVA software. 
Figure 4. 8 NaCL 





Time Table Immersion Specimen 
No. Date Day Time Immersion Photo 
1 
25 – 05 – 
2018 
- 




09.00 - 09.00 
 
2 
28 – 05 – 
2018 
- 




23.10 – 23.10 
  





4.3. Corrosion Rate Calculation 
 After corrosion rate calculation using Potensiostat Autolab PGSTAT128N and 
NOVA software done, the result of the calculation will be obtained. There are current 
density, pontential, and corrosion rate. Aside from the data obtained, there is also graphic 
form the Potensiostat Autolab PGSTAT128N and NOVA software that shown the current 
density and potential. The x-axis from tafel graphic refers as volt and already specified 
before experiment, the y-axis refers current density. Current density from the experiment 
can be change but the volt remains the same. 
4.3.1. Experiment Result on Specimen A (Carbon Steel Pipe) For 72 Hours 
This graphic shown that corrosion rate specimen A (carbon steel pipe) with 
immersion for 72 hours done by potensiostat autolab PGSTAT128N and get the data 
from NOVA software. After the software process the corrosion rate data, the graphic 
shows dashed line and connected the intersection with high precision. From the result of 
the intersection, the current density is known from the potential. The result of the 
experiment is:. 
 
From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen A after test. The corrosion rate is 0.19478 mmpy, potential is 
Table 4. 3 Specimen A (Carbon Steel Pipe) For 72 Hours Result 
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.19478 -342.87 16.763 




-342.87 mV, and the current density is 16.763 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen A with immersion for 72 hours: 
K = 0.00327 
a = 27.925 g/mol 
i = 16.763 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 16.763 / 7.86 
CR (mmpy) = 0.194746712 mmpy 
4.3.2. Experiment Result on Specimen B (Carbon Steel Pipe Coated with Epoxy) For 
72 Hours 
This graphic shown that corrosion rate specimen B (carbon steel pipe coated with 
epoxy) with immersion for 72 hours done by potensiostat autolab PGSTAT128N and get 
the data from NOVA software. After the software process the corrosion rate data, the 
graphic shows dashed line and connected the intersection with high precision. From the 
result of the intersection, the current density is known from the potential. The result of 











From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen B after test. The corrosion rate is 0.01842 mmpy, potential is 
-352.84 mV, and the current density is 1.5837 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen B with immersion for 72 hours: 
K = 0.00327 
a = 27.925 g/mol 
i = 1.5837 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 1.5837 / 7.86 
CR (mmpy) = 0.018398877 mmpy 
4.3.3. Experiment Result on Specimen C (Galvanized Carbon Steel Pipe) For 72 Hours 
This graphic shown that corrosion rate specimen C (galvanized carbon steel pipe) 
with immersion for 72 hours done by potensiostat autolab PGSTAT128N and get the data 
Table 4. 4 Specimen B (Carbon Steel Pipe Coated with Epoxy) For 72 Hours 
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.01842 -382.38 1.5837 




from NOVA software. After the software process the corrosion rate data, the graphic 
shows dashed line and connected the intersection with high precision. From the result of 




From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen C after test. The corrosion rate is 0.001825 mmpy, potential is 
-352.84 mV, and the current density is 0.15712 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen C with immersion for 72 hours: 
K = 0.00327 
a = 27.925 g/mol 
i = 0.15712 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 0.15712 / 7.86 
CR (mmpy) = 0.001825366 mmpy 
4.3.4. Experiment Result on Specimen A (Carbon Steel Pipe) For 144 Hours 
Table 4. 5 Specimen C (Galvanized Carbon Steel Pipe) For 72 Hours   
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.001825 -352.84 0.15712 





This graphic shown that corrosion rate specimen A (carbon steel pipe) with 
immersion for 144 hours done by potensiostat autolab PGSTAT128N and get the data 
from NOVA software. After the software process the corrosion rate data, the graphic 
shows dashed line and connected the intersection with high precision. From the result of 
the intersection, the current density is known from the potential. The result of the 
experiment is: 
 
From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen A after test. The corrosion rate is 0.28618 mmpy, potential is 
-861.24 mV, and the current density is 24.628 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen A with immersion for 144 hours: 
K = 0.00327 
a = 24.628 g/mol 
i = 1.5837 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 24.628 / 7.86 
CR (mmpy) = 0.28611955 mmpy 
  
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.28618 -861.24 1.5837 




4.3.5. Experiment Result on Specimen B (Carbon Steel Pipe Coated with Epoxy) For 
144 Hours 
This graphic shown that corrosion rate specimen B (carbon steel pipe coated with 
epoxy) with immersion for 144 hours done by potensiostat autolab PGSTAT128N and 
get the data from NOVA software. After the software process the corrosion rate data, the 
graphic shows dashed line and connected the intersection with high precision. From the 
result of the intersection, the current density is known from the potential. The result of 
the experiment is: 
 
 
From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen B after test. The corrosion rate is 0.019033 mmpy, potential is 
Table 4. 7 Specimen B (Carbon Steel Pipe Coated with Epoxy) For 144 Hours 
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.019033 -891.21 1.6383 






-891.21 mV, and the current density is 1.6383 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen B with immersion for 144 hours: 
K = 0.00327 
a = 27.925 g/mol 
i = 1.6383 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 1.6383 / 7.86 
CR (mmpy) = 0.0190332 mmpy 
4.3.6. Experiment Result on Specimen C (Galvanized Carbon Steel Pipe) For 144 
Hours 
This graphic shown that corrosion rate specimen C (galvanized carbon steel pipe) 
with immersion for 144 hours done by potensiostat autolab PGSTAT128N and get the 
data from NOVA software. After the software process the corrosion rate data, the graphic 
shows dashed line and connected the intersection with high precision. From the result of 
the intersection, the current density is known from the potential. The result of the 
experiment is: 
  
Graphic 4. 6 Result Specimen C (Galvanized Carbon Steel 





From the table below, result obtained of the corrosion rate, potential, and current 
density result of specimen C after test. The corrosion rate is 0.002634 mmpy, potential is 
-632.03 mV, and the current density is 0.1697 μA/cm2. And the calculation using the 
Faraday Law with electrochemical method for specimen C with immersion for 144 hours: 
K = 0.00327 
a = 27.925 g/mol 
i = 0.1697 μA/cm2 
n = 1 
D = 7.86 g/cm3 
CR (mmpy) = K ai/nD 
CR (mmpy) = 0.00327 x 27.925 x 0.1697 / 7.86 
CR (mmpy) = 0.001971516 mmpy 
4.4. Comparison of Faraday Law Calculations 
 
 
Corrosion Rate (mmpy) Potential (mV) Current Density (μA/cm2) 
0.002634 -632.03 0.1697 
Table 4. 8 Specimen C (Galvanized Carbon Steel Pipe) For 144 Hours 








0.19478 0.194746712 72 Specimen A (72 hours) 
0.01842 0.018398877 72 Specimen B (72 hours) 
0.001825 0.001825366 72 Specimen C (72 hours) 
0.28618 0.28611955 144 Specimen A (144 hours) 
0.019033 0.0190332 144 Specimen B (144 hours) 





After the calculation done by the faraday law, the graphic comparison for each 
specimen can be obtained. 
4.4.1. Comparison Corrosion Rate NOVA Software and Faraday Law for Immersion 
72 Hours 
The graphic shows the difference calculation from NOVA software and faraday 
law immersion for 72 hours. The difference on specimen A (carbon steel pipe) result 
from the NOVA software is 0.19478 mmpy and the faraday law is 0.194746712 mmpy, 
the difference is 0.00003328. On specimen B (carbon steel pipe coated with epoxy) result 
from the NOVA software is 0.01842 mmpy and the faraday law is 0.018398877 mmpy, 
the difference is 0.000021123. On specimen C (galvanized carbon steel pipe) result from 
the NOVA software is 0.001825 mmpy and the faraday law is 0.001825366 mmpy, the 








Specimen A (72 hours) Specimen B (72 hours) Specimen C (72 hours)
Faraday VS Corrosion Rate (72 Hours)
Corrosion Rate (mmpy) Faraday Law (mmpy)




4.4.2. Comparison Corrosion Rate NOVA Software and Faraday Law for Immersion 
144 Hours 
Specimen A is the carbon steel pipe with no protection or coating. The graphic 
shows the difference between immersion for 72 hours and 144 hours from the faraday 
law calculation. The result of 72 hours immersion shows the corrosion rate 0.19478 
mmpy. For the result of 144 hours immersion shows the corrosion rate 0.28618 mmpy. 
The difference of the result is 0.0914 mmpy, the significant difference caused by 
specimen A did not coated for protection. 
 This specimen has the biggest corrosion rate. According to the standard of DNV 
GL Part 4 Chapter 6: 2011, the specimen of the experiment used steel carbon pipe 
Schedule 40 with diameter of 2 inch or equivalent with 50.8 mm. The standard shows the 
minimum wall thickness for steel pipe for diameter 48.3 – 51 mm is 3.6 mm. This 
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4.5. Comparison Each Specimen 
4.5.1. Comparison Specimen A 
Specimen A is the carbon steel pipe with no protection or coating. The graphic 
shows the difference between immersion for 72 hours and 144 hours from the faraday 
law calculation. The result of 72 hours immersion shows the corrosion rate 0.19478 
mmpy. For the result of 144 hours immersion shows the corrosion rate 0.28618 mmpy. 
The difference of the result is 0.0914 mmpy, the significant difference caused by 
specimen A did not coated for protection. 
 This specimen has the biggest corrosion rate. According to the standard of DNV 
GL Part 4 Chapter 6: 2011, the specimen of the experiment used steel carbon pipe 
Schedule 40 with diameter of 2 inch or equivalent with 50.8 mm. The standard shows the 
minimum wall thickness for steel pipe for diameter 48.3 – 51 mm is 3.6 mm. This 
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4.5.2. Comparison Specimen B 
Specimen B is the carbon steel pipe coated with epoxy. The graphic shows the 
difference between immersion for 72 hours and 144 hours from the faraday law 
calculation. The result of 72 hours immersion shows the corrosion rate 0.01842 mmpy. 
For the result of 144 hours immersion shows the corrosion rate 0.019033 mmpy. 















Specimen B (72 hours) Specimen B (144 hours)
Specimen B (72 hours) Specimen B (144 hours)
Graphic 4. 10 Comparison Specimen B for Immersion 72 Hours and 144 Hours 





 This specimen has the specification of ruled by DNV GL 20 about Corrosion 
Protection of Ships: 2000. The target lifetime of the operation for 5 years for using epoxy 
coating. According to the result of experiment, the corrosion rate occurs 5.70996 mmppy 
for 5 years. Meaning the thickness of the pipe wall will be reduced until 45.09004 mm 
for 5 years and the target can be achieved. 
  




4.5.3. Comparison Specimen C  
Specimen C is the galvanized carbon steel for 80 µ. The graphic shows the 
difference between immersion for 72 hours and 144 hours from the faraday law 
calculation. The result of 72 hours immersion shows the corrosion rate 0.001825 mmpy. 
For the result of 144 hours immersion shows the corrosion rate 0.002634 mmpy. 
 For all of the specimens, this specimen has the best result of corrosion rate. 
According to the interview that the author has done, ballast pipe will be replaced with the 
new one for 15 - 20 years. But for this specimen according to the result, after 20 years 
the corrosion rate occurs for 2.365819 mmpy, it means the thickness of the wall pipe will 
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4.5.4. Comparison Specimen A, B, and C 
The graphic shows the difference between specimen A, B, and C from the 
calculation of faraday law. The numbers obtained by the average from the first and 
second immersion calculation. Specimen A is the carbon steel pipe with no protection or 
coating shows the highest corrosion rate, 0.240433131 mmpy. Followed by specimen B, 
carbon steel pipe coated with epoxy shows the 0.018716039 mmpy of the corrosion rate. 
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4.6. Relative Corrosion Resistance 
 The relative corrosion resistance by Fontana (1987) categorized for 6 categories 
outstanding, excellent, good, fair, poor, and unacceptable. The experiment will be defined 
by the result of the corrosion rate: 
 
  
Table 4. 10 Relative Corrosion Resistance 
Relative Corrosion 
Resistance 
Approximate Metric Equivalent 
mpy mm/year μm/year nm/year pm/sec 
Outstanding < 1 < 0,02 < 25 < 2 < 1 





0,1-0,5 100-500  10-50  5-20 














The result of the experiment shows that carbon steel pipe for immersion 72 hours 
is 0.194746712 mmpy and for 144 hours immersion is 0.28611955 mmpy, both of the 
results obtained the Good relative corrosion resistance. For the carbon steel pipe with 
epoxy coating for 72 hours is 0.018398877 mmpy and for 144 hours immersion is 
0.0190332 mmpy, both of the results obtained the Excellent relative corrosion resistance. 
And galvanized carbon steel pipe obtained for the Outstanding relative corrosion 
resistance, the result on 72 hours immersion is 0.001825366 mmpy and for 144 hours 









0.194746712 72 Good 
Specimen A (72 
hours) 
0.018398877 72 Excellent 
Specimen B (72 
hours) 
0.001825366 72 Outstanding 
Specimen C (72 
hours) 
0.28611955 144 Good 
Specimen A 
(144 hours) 
0.0190332 144 Excellent 
Specimen B1 
(144 hours) 
0.001971516 144 Outstanding 
Specimen C1 
(144 hours) 











CONCLUSION AND SUGGESTION 
 After doing some experiments, there are some conclusions and suggestions used 
as evaluation for the next research. 
5.1. Conclusion 
 Based on the experiment results data that has been done, then got the following 
conclusions: 
1) The result of immersion 72 hours in 35% salinity of 35 gram NaCl and 1 liter 
aquadest for specimen carbon steel pipe is 0.194746712 mmpy, the carbon steel 
pipe coated with epoxy is 0.018398877 mmpy, and the last for 72 hours 
immersion is galvanized carbon steel pipe is 0.001825366 mmpy. For 144 hours 
immersion, the result of the carbon steel pipe is 0.28611955 mmpy, the result of 
the carbon steel pipe coated with epoxy is 0.0190332 mmpy, and for the 
galvanized carbon steel pipe is 0.001971516 mmmpy. 
2) After immersion for 144 hours, the result of corrosion rate occurs on the carbon 
steel pipe is 0.28611955 mmpy (highest corrosion rate). And the lowest or the 
best result of corrosion rate occurs on the galvanized carbon steel pipe, the 
corrosion rate is 0.001971516 mmpy. This result is caused by the coating 
treatment for each specimen, the carbon steel pipe treated by chemical cleaning 
and coated with epoxy. But for the galvanized carbon steel pipe, electrolyte is 
performed on the carbon steel pipe so the galvanize covered in the electrolyte 
gap. 
3) The relative corrosion resistance divided by 6 categories and the experiment 
result shows the difference categories by type of the protection. The good relative 
corrosion resistance obtained by the carbon steel pipe 0.194746712 mmpy for 
immersion 72 hours and 0.28611955 mmpy for immersion 144 hours on the 
range of 0,1-0,5 mmpy. For the Excellent relative corrosion resistance occupied 
by the carbon steel pipe coated with epoxy 0.018398877 mmpy for immersion 
72 hours and 0.0190332 mmpy for immersion 144 hours on the range of 0,02-
0,1 mmpy. And for the best protection for corrosion is galvanized steel carbon 
pipe which has the excellent relative corrosion resistance, for the 72 hours 
immersion is 0.001825366 mmpy and for 144 hours immersion is 0.001971516 
mmpy. The relative corrosion resistance excellent range is < 0,02 mmpy. 
5.2. Suggestion 
 In order to obtain more accurate results, in subsequent studies it is advisable to 
add more specimens with varying coating thickness both on the carbon steel with epoxy 
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